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Introduction: Obesity can be understood as a comorbidity of increasing systemic impact, including a deﬁcit in the
autonomic nervous system.
Objective: To analyze cardiac autonomic behavior and hemodynamic parameters in obese young people.
Methods: 92 individuals (20.58 ± 1.48 years) were evaluated, divided into two groups: obese and eutrophic.
Heart rate (HR) was captured for 30 min in the supine position whilst breathing spontaneously. Blood pressure
(BP) values were obtained prior to performance of the protocol. For the autonomic analysis, 1000 beats were
used for the calculation of heart rate variability indices in the time (Mean RR, SDNN and RMSSD) and frequency
(LF, HF and LF/HF) domains, in addition to the Poincaré plot (SD1, SD2, SD1/SD2 and qualitative visual analysis).
Results: The obese group presented higher baseline BP and HR values compared to the eutrophic. Regarding au-
tonomicmodulation a signiﬁcant decreasewas observed in the RMSSD; SD1, HFms andHFnu indices in the obese
group, indicating a decrease in vagal activity and reduced SDNN and SD2 rates, with statistical signiﬁcance for the
former, suggesting a reduction in overall variability. The high value of the LFnu index and decrease inMean RR in
the obese group pointed to relative sympathetic predominance in these individuals. The visual analysis of the
Poincaré plot showed less dispersion of the points in the obese group.
Conclusion: The obese grouppresented higher BP andHR values at rest and autonomic impairment, characterized
by a reduction in parasympathetic activity and relative predominance of sympathetic activity.© 2015 Elsevier B.V. All rights reserved.1. Introduction
Obesity, deﬁned as the excessive accumulation of body fat resulting
from the positive energy balance (WHO. World Health Organization,
2003), refers to the risk of severe chronic diseases such as type II diabe-
tes, hypertension, stroke, certain types of cancer and disorders of the
ventricles, morphological changes and psychosocial damage (Melo
et al., 2010; Sokmen et al., 2013; Tumuklu et al., 2007; Wong et al.,
2004). It is also considered a potential predictor for cardiovascular dis-
ease and, when established early in life, leads to short and long-term
damage, resulting from the abnormal lipid proﬁle presented by these in-
dividuals (Santos et al., 2008).o de Estudos e Escrita, Cientíﬁca,
edicina do ABC — FMABC, Av.Another importantmanifestation of obesity is impairment in the au-
tonomic nervous system (ANS), present in all age groups, each of which
has its own proﬁle (Farah et al., 2013; Vanderlei et al., 2010). Studies
show that the presence of obesity in children under 12 years old causes
autonomic imbalance, characterized by decreased parasympathetic
modulation; the sympathetic modulation presents inconclusive results
(Dangardt et al., 2011; Souza et al., 2012). Autonomic behavior in
obese adults is characterized by a decrease in parasympathetic activity,
with autonomic imbalance (Wu et al., 2008). Although studies show
that there are important changes in autonomic control in adults and
obese children, studies related to ANS behavior in obese young people
are scarce in the literature (Krishna et al., 2013).
These alterations, togetherwith other systemic effects of obesity, can
promote early damage to the integrity of the body. Therefore, under-
standing the scenario of autonomic dysfunction present in these indi-
viduals is of fundamental clinical importance both from a preventive
and therapeutic point of view, and may provide support for profes-
sionals working with this population, ensuring greater outcomes from
Table 1
Anthropometric and hemodynamic variables of the obese and eutrophic groups submitted
to the protocol.
Obese
(Men = 24/women = 20)
Eutrophic
(Men = 24/women = 24)
p value
Age (years) 20.45 ± 1.57 (20.5) 20.70 ± 1.39 (21) 0.4155
[19.97–20.93] [20.30–21.11]
Weight (kg) 102.30 ± 20.82 (98.5)a 62.89 ± 10.47 (62.4) b0.0001
[95.96–108.64] [59.85–65.94]
Height (m) 1.70 ± 0.10 (1.72) 1.68 ± 0.10 (1.67) 0.3774
[1.67–1.74] [1.65–1.72]
BMI (kg/m2) 34.67 ± 3.87 (33.53)a 21.91 ± 1.86 (22.21) b0.0001
[33.50–35.85] [21.37–22.45]
SBP (mm Hg) 126.59 ± 14.93 (120)b 107.91 ± 13.60 (110) b0.0001
[122.05–131.13] [103.96–111.87]
DPB (mm Hg) 83.31 ± 11.26 (80)b 68.33 ± 10.45 (70) b0.0001
[79.89–86.74] [65.29–71.37]
HR (bpm) 80.22 ± 10.09 (80)b 73.06 ± 10.35 (72) 0.0012
[77.15–83.29] [70.05–76.07]
Mean±standarddeviation (median) [conﬁdence interval]; a valuewith statistical difference
compared to the eutrophic group (MannWhitney test, p b 0.05); b value with statistical dif-
ference compared to the eutrophic group (t test for unpaired samples; p b 0.05). Abbrevia-
tions: kg=kilograms;m=meter; BMI=bodymass index; kg/m2= kilogrampermeter
squared ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; mm Hg=
millimeters of mercury; HR = heart rate; bpm= beats per minute.
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dynamic parameters in obese young people.
2. Method
For this study, the data were analyzed from 92 young volunteers of
both genders, with a mean age of 20.58 ± 1.48 years. The volunteers
were non-randomly distributed into two groups – the obese group GO
(n = 44) and the eutrophic group – GE (n = 48). The classiﬁcation
criteria adopted for formation of the groups was the value of the body
mass index (BMI) (World Health Organization, 2006).
Volunteerswhopresented any of the following: tobacco smokers, al-
cohol drinkers, the use of illicit drugs, medications or those who pre-
sented a framework of infections or known diseases of the metabolic
cardiorespiratory systemswhich could affect cardiac autonomic control,
were not included from the study.
The volunteers were informed about the procedures and objectives
of this study and, after agreeing to participate, signed a free and in-
formed consent form. All procedureswere approved by the Institutional
Ethics Committee (Protocol No. 11/2011).
All study volunteers were instructed to abstain from alcoholic bever-
ages and/or stimulants such as coffee and tea for 12 h prior to the exper-
imental protocol so as to avoid any direct inﬂuence on cardiac autonomic
behavior at the time of the protocol.
The protocolwas preceded by the collection of data from volunteers,
including information on name, age, telephone numbers and the pres-
ence of comorbidities. Next, the volunteers underwent a physical exam-
ination to determine: body weight, by means of digital electronic scale
(Welmy, Brazil); height, obtained in the upright position by means of
a stadiometer (Sanny, Brazil); blood pressure (BP)—measured indirect-
ly using a aneroid sphygmomanometer (WelchAllyn, Germany) and
stethoscope (Littmann, USA); and heart rate (HR) obtained using a
heart rate monitor Polar S810i (Polar Electro, Kempele, Finland)
(Vanderlei et al., 2008). The height and weight measurements were
used to determine BMI, given by the formula BMI = weight/height2
(kg/m2) (World Health Organization, 2006).
The subsequent stages of data collection, physical and hemodynamic
parameters, were aimed at obtaining the RR intervals for analysis of
heart rate variability (HRV). Data collection was performed in a room
with a temperature between 21 °C and 23 °C and humidity of 40–60%.
The movement of people was controlled to reduce the anxiety of the
participants.
To capture the RR intervals a capture strap was positioned on the
chest of the volunteer and an HR receptor, Polar S810i, on the wrist.
After placement of the equipment, the participants were instructed to
remain in the supine position on amat, where they remained, breathing
spontaneously for 30min. At the end of the collection period the volun-
teer was released.
The HRV analysis was performed from the HR beat-to-beat recorded
during the protocol, and only series with more than 95% sinus beats
were used for the analysis (Godoy et al., 2005). After collection of the
data, the HRV analysis was performed from the ﬁnal 25 min of the re-
cording, with the ﬁrst 5 min discarded to exclude the initial inﬂuences
of the protocol on HR behavior.
The selected portion was subjected to digital ﬁltering performed
using Polar Precision Performance SW software (version 4.01.029), sup-
plemented bymanual ﬁltering to eliminate premature ectopic beats and
artifacts. Finally, for the ﬁnal data analysis, the ﬁrst 1000 consecutive RR
intervals derived from the series of RR intervals were used, performed
using the software Kubios HRV (Kuopio University, Finland). The analy-
sis was performed using linear methods, analyzed in the time domain,
frequency domain and by the Poincaré plot.
In the time domain the following indices were used for HRV analy-
sis: Mean RR, RMSSD and SDNN. The RMSSD index is deﬁned as the
root mean square of successive differences between adjacent normal
RR intervals in a given time interval, in milliseconds and the SDNNrepresents the standard deviation of normal to normal RR intervals, in
milliseconds (Vanderlei et al., 2009), being interpreters of parasympa-
thetic activity and global activity, respectively.
For HRV analysis in the frequency domain, the followingwere calcu-
lated: the total power (Ptot) inms2 translated by the band from0.003 to
0.4 Hz and the spectral components: low frequency LF: 0.04 to 0.15 Hz
andhigh frequencyHF: 0.15 to 0.40Hz in normalized units, which refers
to the relative value of each spectral component in relation to the total
power, minus the very low frequency VLF components multiplied by
100, and in milliseconds squared, and the ratio between them (LF/HF).
The spectral analysis was calculated using the Fourier Transform algo-
rithm (Billman, 2011; Vanderlei et al., 2009).
Finally, the Poincaré plot was analyzed quantitatively, expressed by
the indices: SD1 (standard deviation of the instantaneous beat-to-beat
variability, representing parasympathetic modulation), SD2 (standard
deviation of the long-term continuous RR intervals, representing global
variability) and the SD1/SD2 ratio and qualitative analysis by analyzing
the ﬁgures formed by its attractor, or (Billman, 2011; de Carvalho
et al., 2014; Vanderlei et al., 2009):
1) Aﬁgure inwhich an increase in dispersion of RR intervals is observed
with an increase in intervals, characteristic of a normal plot.
2) A ﬁgure with little global beat-to-beat dispersion and without an
increase in the dispersion of RR intervals in the long-term.
The population proﬁle data were described using descriptive statis-
tics and the results presented as mean, standard deviation and absolute
number values. For the group comparisons, initially the normality of the
data was determined and when the normal distribution was accepted
the Student's t-test for unpaired data was applied. In situations where
normal distribution was not accepted, the Mann–Whitney test was
used. Differences in these tests were considered statistically signiﬁcant
when the value of p b 0.05.
The calculation of the study power (GraphPad Software StatMate
2:00 version for Windows, GraphPad Software, San Diego California
USA), with the sample number and signiﬁcance level of 5% (two-tailed
test) guaranteed a test power greater than 80% to detect differences
between the variables.
3. Results
Table 1 presents the characteristics of the sample. Signiﬁcant
differences were observed for BMI, this resulting only from the weight
Table 2
Mean, standard deviation and median values of the linear indices analyzed in the time
domain for the groups studied.
Obese Eutrophic p value
Mean RR (ms) 813.86 ± 95.79 (801.9)a 872.37 ± 121.49 (869.95) 0.0125
[784.72–843] [837.07–907.69]
SDNN (ms) 51.35 ± 16.48 (50.85)a 58.22 ± 16.37 (59.45) 0.0479
[46.33–56.36] [53.46–62.98]
RMSSD (ms) 40.01 ± 13.72 (39.65)a 49.03 ± 16.82 (48.9) 0.0062
[35.83–44.18] [44.14–53.93]
SD1 (ms) 28.29 ± 9.7 (28.05)a 34.69 ± 11.89 (34.6) 0.006
[25.34–31.24] [31.23–38.15]
SD2 (ms) 66.66 ± 21.88 (66.05) 74.37 ± 20.96 (73.45) 0.0876
[60–73.32] [68.28–80.47]
SD1/SD2 0.42 ± 0.08 (0.41) 0.46 ± 0.09 (0.43) 0.0807
[0.40–0.45] [0.43–0.49]
Mean± standard deviation (median) [conﬁdence interval]; a value with statistical differ-
ence compared to the eutrophic group (t test for unpaired samples; p b 0.05);.
Abbreviations: ms = milliseconds; % = percentage; Mean RR = RR intervals; SDNN =
standard deviation of all normal RR intervals recorded in a time interval; RMSSD = root
mean square of successive differences between adjacent normal RR intervals in a time
interval; SD1 = standard deviation of the instantaneous beat to beat variability; SD2 =
standard deviation in the long-term of continuous RR intervals.
Table 3
Mean, standard deviation andmedian values of the linear indices analyzed in the frequency
domain for the groups studied.
Obese Eutrophic p value
LF (ms2) 954.65 ± 742.52 (825) 973.22 ± 596.95 (869) 0.5499
[728.78–1180.5] [799.73–1146.7]
HF (ms2) 647.97 ± 426.59 (573.5)a 1031.64 ± 622.67 (925.5) 0.0021
[518.21–777.75] [850.67–1212.6]
Pottot (ms2) 2611 ± 1613.4 (2401.5)a 3320 ± 1860.4 (3139) 0.0485
[2120.2–3101.8] [2779.3–3860.7]
LF (nu) 58.50 ± 12.93 (56.25)b 48.65 ± 12.59 (49.05) 0.0004
[54.56–62.43] [44.99–52.31]
HF (nu) 41.49 ± 12.93 (43.75)b 51.53 ± 12.56 (51.5) 0.0003
[37.56–45.43] [47.87–55.18]
LF/HF 1.69 ± 1.04 (1.28)a 1.08 ± 0.62 (0.96) 0.0003
[1.37–2.01] [0.90–1.26]
Mean± standard deviation (median) [conﬁdence interval]; a value with statistical differ-
ence compared to the eutrophic group (MannWhitney test, p b 0.05); b value with statis-
tical difference compared to the eutrophic group (t test for unpaired samples; p b 0.05).
Abbreviations: ms2 = milliseconds squared; nu = normalized unit; LF = low frequency
component; HF = high frequency component; Pottot = total power.
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obese group presented higher systolic BP, diastolic BP and HR when
compared to the eutrophic group.
Regarding the HRV indices analyzed in the time domain, the obese
group demonstrated alterations in autonomic modulation, character-
ized by a signiﬁcant decrease in the Mean RR, SDNN, RMSSD and SD1
indices (Table 2).Fig. 1. Graphical representation of PoincaréTable 3 demonstrates the indices analyzed in the frequency domain.
The obese young people presented signiﬁcant decreases in HF values
(ms), Pottot and HF (nu) as well as increases in the LF (nu) and LF/HF
indices.
The qualitative analyzes of the Poincare plot are presented in Fig. 1. A
lower dispersion of the points was observed in the obese individuals
compared to the eutrophic.
4. Discussion
The study results indicated impairment in the cardiac autonomic
function of the obese young people, characterized by a decrease in para-
sympathetic activity and consequent dominance relating to the sympa-
thetic activity. Regarding the hemodynamic variables, higher values of
systolic and diastolic BP and HR were observed in these individuals.
From a hemodynamic point of view, the studied variables indicated
differences between the obese and normal weight groups. The systolic
(126.59 ± 14.93 vs. 107.91 ± 13.60) and diastolic (83.31 ± 11.26 vs.
68.33 ± 10.45) BP were higher in the obese group compared to the eu-
trophic, which may be explained, at least in part, by the predominance
of sympathetic activity in this group. In obese individuals elevated sym-
pathetic activity is found in the kidneys, skeletal muscles and peripheral
vessels (Lambert et al., 2013; Lopes, 2007) and possible reasons for this
increase are the hyperinsulinemia, hyperleptinemia and increased fatty
acid frameworks arising from obesity (Lopes, 2007).
Blood pressure values in the obese individuals, although still in the
normal range (V Diretrizes Brasileiras de Hipertensão Arterial, 2007),
deserve attention due to the following factors: (1) elevation in BP varies
according to the time of the condition, that is, if the BP is elevated in the
present age group, these individuals may be subject to increased BP in
adulthood (Ferreira and Aydos, 2010); (2) obese adolescents have a
higher risk of early signs of atherosclerosis, with high BP a worrying
factor which can lead to future impairments if attention is not paid to
preventive measures (Pizzi et al., 2013); and (3) blood pressure values
of the obese subjects studied are already in the cardiovascular risk
range (values above 115/75 mm Hg) (Davy and Orr, 2009).
RegardingHR values, the results of the obese groupwere also elevat-
ed compared to the eutrophic group (80.22± 10.09 vs. 73.06± 10.35),
which corroborates with pre-existing ﬁndings in the literature which
indicate the existence of a positive correlation between BMI and resting
HR in obese individuals (Lee et al., 2014). Such alterations at restmay be
related, at least in part, to the autonomic abnormalities present in these
individuals.
In the analysis of the autonomic nervous system (ANS), the obese
group presented signiﬁcantly lower values in the Mean RR, SDNN,
RMSSD, SD1 and SD2 indices compared to the eutrophic, suggesting a
reduction in parasympathetic activity and overall variability.
The reduction in parasympathetic activity in obese young people
compared to healthy individuals can be veriﬁed by the decrease in
the RMSSD and SD1 indices (40.01 ± 13.72 vs. 49.03 ± 16.82 andplot of the obese and eutrophic groups.
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with the consequent sympathetic predominance observed in this
group, reﬂects directly on the behavior of RR intervals, represented by
the Mean RR index, which was also reduced (813.86 ± 95.79 vs.
872.37 ± 121.49). This decrease in the values of RR intervals indicates
higher HR (Paschoa et al., 2006).
Furthermore, the inﬂuence of this autonomic scenario on the overall
variability of the young obese individuals can be veriﬁed, represented
by the SDNN and SD2 indices. A decrease in these indices in the
obese group was observed, with statistical signiﬁcance for the SDNN
(51.35 ± 16.48 vs. 58.22 ± 16.37), which demonstrates a decrease in
the overall variability in the obese young people. The qualitative analy-
sis of the Poincaré plot complements these ﬁndings, as this analysis
identiﬁed a smaller dispersion of the points on the attractor of the
obese group compared to the eutrophic, characterizing a lower HRV.
This decrease in variability is a worrying aspect, since it is associated
with an increased risk of heart disease due to decreased adaptation of
the heart to deal with situations of stress (Muralikrishnan et al., 2013).
The results obtained through the analysis in the frequency domain
strengthen those already presented in the time domain. Signiﬁcantly
lower values of HF in ms2 (647.97 ± 426.59 vs. 1031.64 ± 622.67)
and nu (41.49 ± 12.93 vs. 51.53 ± 12.56) were observed in the obese
group, indicating reduced parasympathetic activity in this group. Re-
garding the sympathetic activity, no signiﬁcant changes in the LFms2
index were observed in the obese group compared to the eutrophic
(954.65 ± 742.52 vs. 973.22 ± 596.95), however the analysis of the in-
dices in the frequency domain in normalized units demonstrated signif-
icantly higher values for the LF index (58.50± 12.93 vs. 48.65± 12.59)
and, consequently, lower values for the HF index (41.49 ± 12.93 vs.
51.53 ± 12.56) in obese young people compared to eutrophic, indicat-
ing that in these young people there is a predominance of sympathetic
activity.
The reduction in power in the HFms2 index promotes, in conse-
quence, signiﬁcant reduction in total power (Ptot) of the power spec-
trum in obese youth (2611 ± 1613.4 vs. 3320 ± 1860.4).
These ﬁndings corroborate those of Brunetto et al. (2005), who stud-
ied the effect of the tilt test in obese patients with similar ages to the
present sample, and observed decreased vagal and increased sympa-
thetic action prior to testing.
The fact that the obese young peoplewere not been grouped accord-
ing to BMI values can be considered a limitation of the present study,
since it limited accurate identiﬁcation of the contribution of each level
of obesity to the autonomic deﬁcit. Evaluation of the physical activity
level of the volunteerswas not carried out, which can also be considered
a limitation, since physical exercise inﬂuences cardiac autonomic be-
havior (Fu and Levine, 2013). Therefore, we suggest that further studies
be conducted to explore these analytical approaches. Furthermore,
there is controversy in the literature regarding the alleged predomi-
nance of sympathetic activity quantiﬁed in LF (Billman, 2013), therefore
further studies are also needed to conﬁrm the changes in sympathetic
activity in this population.
The data presented here indicate the importance of interventions to
address the early obesity framework, through preventive or therapeutic
actions associated with changes in life style, due to the broad inﬂuence
that this condition exerts on various systems, among them the auto-
nomic dysfunctions and hemodynamic variables studied in this study.
5. Conclusion
Obesity in young adults can interfere with ANS behavior, which was
conﬁrmed in the present study by the reduction in parasympathetic
modulation and the consequent relative predominance of sympathetic
modulation. In addition, hemodynamic compromise was observed,
characterized by elevated BP and HR when compared to eutrophic
young people. These ﬁndings reinforce the need for prevention and
treatment of obesity in this population.Acknowledgments
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